Introduction {#s1}
============

Cone-beam computed tomography (CBCT) provides accurate and detailed information for diagnosis and treatment planning of dentomaxillofacial pathologies. CBCT produces three dimensional images with high resolution of bony structures and also the radiation dose of CBCT is lower than computed tomography (CT) ([@b1], [@b2]). Thus, it is used for various purposes such as dental implant planning, oral and maxillofacial surgery, orthodontics, airway assessment, temporomandibular joint disorders, endodontics and periodontics ([@b3], [@b4], [@b5], [@b6], [@b7], [@b8]). In recent studies, the efficacy of CBCT has been evaluated for caries diagnosis. Some of them have concluded that the accuracy of CBCT may be similar to that of intraoral digital radiographic images for occlusal and proximal caries detection ([@b9], [@b10], [@b11], [@b12]). However, CBCT images were found to be superior to intraoral techniques in other studies for secondary caries lesions under both composite and amalgam restorations ([@b13], [@b14], [@b15]). On the other hand, some authors reported that diagnostic performance of CBCT in detecting secondary caries may be negatively affected by the presence of dental restorations because of metal artifacts ([@b16]). There is still no justification regarding the use of this modality for caries detection. CBCT scanning is unnecessary for caries detection; it can only be used when it is taken for other reasons.

As x-ray beam passes through an object, low energy photons become more likely to be absorbed than high energy photons and this is called "beam hardening". Metal objects lead to artifacts in CBCT images related to beam hardening because absorption of x-ray beam is greater for metal objects than human tissues and cupping, as well as streaking artifacts may occur. Cupping artifacts are seen as distortion around the metallic objects and streaking artifacts are seen as dark and bright bands between two objects with high density ([@b17]). Because of their low attenuation values, the use of composite resins has been suggested to reduce artifacts before CBCT examination ([@b18]).

There are limited number published articles in the literature regarding secondary caries detection by using CBCT. Also, there are no published studies about the diagnostic performance of CBCT for secondary caries detection in different type of cavities filled with composite resin. The aim of this in vitro study was therefore to evaluate the diagnostic performance of CBCT in the detection of secondary caries lesions created under different types of composite resin fillings.

Materials and Methods {#s2}
=====================

Specimen preparation and experimental procedure {#s2a}
-----------------------------------------------

Eighty four extracted human permanent posterior teeth were used in this study (N=84). Teeth with tissue loss and/or fillings were excluded. All the teeth were randomly divided into three groups according to type of cavities. The first group was prepared as occlusal cavities (O) (n=24), the second group was prepared as mesial and/or distal occlusal cavities (MO/DO) (n=30), and the third group was prepared as mesial--occlusal--distal cavities (MOD) (n=30). In each group, artificial secondary caries lesions were created in half of the cavities. The artificial caries lesions were prepared with round steel bur in 1 mm diameter, the location of the artificial holes on the base of the cavity was randomly selected. The drilled holes were then filled with pink wax. All groups of teeth were restored by composite resin (CR) (Valux plus, 3M Dental Products, St. Paul, MN, USA). For composite resin restoration, the cavities were etched for 15 seconds, bonding agent was applied and then cured for 40 seconds.

Premolar and molar teeth with approximal contacts were positioned in silicone blocks in a blind manner ([Figure 1](#fig1){ref-type="fig"}). There were 21 blocks that contain four teeth each. Seven different block type was created according to various arrangements of tooth sets. There were three sums for each type of block. Half of the teeth with MOD (n=15) and DO/MO composite filling (n=15) were positioned to be adjacent approximal surfaces with restoration and the other half were located to adjacent approximal surfaces without restoration. In total, 84 teeth with 24 O, 30 MO/DO and 30 MOD restorations were arranged to simulate various situations in the oral cavity. The number of teeth with O restorations (n=24) was lower than that of the MO/DO and MOD restorations (n=30). Arrangement of tooth sets and type of blocks are shown in [Table 1](#table1){ref-type="table"}.

###### 

Arrangement of tooth sets and block types (O: occlusal, MOD: mesial-occlusal-distal, DO: distal-occlusal, MO: mesial-occlusal).

  ---------------- ---------------------------
  Type of blocks   Arrangement of tooth sets
  Block type 1     O-MOD-DO-DO
  Block type 2     O-MOD-MO-DO
  Block type 3     MOD-O-MOD-DO
  Block type 4     MOD-O-MOD-MO
  Block type 5     O-MOD-O-MO
  Block type 6     DO-MOD-MOD-MO
  Block type 7     DO-MOD-O-O
  ---------------- ---------------------------

Image acquisition and evaluation protocols {#s2b}
------------------------------------------

All blocks were radiographed by ProMax 3Ds CBCT system (Planmeca Oy, Helsinki, Finland). This device was operated at 90 kVp and 6.3 mA with 5×5 cm field of view (FOV) in high resolution settings. The acquired data were reconstructed with 0.48 mm slice thickness. Romexis Viewer (Planmeca Oy, Helsinki, Finland) software was used to evaluate the images in three orthogonal planes. Examples of CBCT images are shown in [Figure 2](#fig2){ref-type="fig"}.

All images were evaluated by two oral and maxillofacial radiologists on two separate sessions with at least one week interval. The images were displayed on a 19-inch LCD monitor (Dell Inc., Round Rock, TX, USA). The observers were free to modify image algorithms but they did not have access to raw data. The presence or absence of secondary caries was scored using a five-point confidence scale; 1=definitely no caries, 2=probably no caries, 3=questionable, 4=probably caries, 5=definitely caries. Since there must be a final judgement under clinical conditions, scores 3, 4 and 5 were classified as positive diagnosis for caries whereas scores 1 and 2 were considered as negative diagnosis for caries.

Statistical Analysis {#s2c}
--------------------

The Kappa coefficient values of intra- and inter-observer agreements were calculated and the values with higher than 0.7 were denoted as acceptable consistency. SPSS version 19.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. The area under (Az) the receiver operating characteristic (ROC) curve was used to evaluate the diagnostic accuracy. The areas under the curves were compared using Z-tests and p values less than 0.05 were considered as statistically significant.

Results {#s3}
=======

The kappa coefficients were 0.89 and 0.79 for intra- and inter-observer agreement, respectively. The areas under the ROC curves (Az values), sensitivity and specificity values of two observers were presented in [Figure 3](#fig3){ref-type="fig"} and [Table 2](#table2){ref-type="table"}. Az values of the second observer was higher than the first observer. Sensitivity of the first observer was higher than the second observer while specificity of the second observer was higher than that of the first observer ([Table 2](#table2){ref-type="table"}). The areas under the ROC curves (Az values), sensitivities and specificities for each observers and cavity types were given in [Table 3](#table3){ref-type="table"}. The Az values of two observers were the highest for the O restorations, followed by the MOD and DO/MO restorations, respectively. Az values for MOD and DO/MO restorations were very low and diagnostic accuracy based on sensitivity and specificity values was not statistically significant. In simpler terms, sensitivity for DO/MO restorations and specificity for MOD restorations were found to be the lowest values.

###### 

The statistical analysis of the areas under the receiver operating characteristics curves (Az values) and the sensitivity and specificity values of two observers (\*Statistically significant at p\<0.05 level).

  ---------- ------ ---------------- --------- ------------- -------------
  Observer   Area   Standard Error   p value   Sensitivity   Specificity
  First      .623   .066             .068      .833          .412
  Second     .646   .065             .030\*    .762          .529
  ---------- ------ ---------------- --------- ------------- -------------

###### 

The areas under receiver operating characteristics curves (Az values) and sensitivity and specificity values for the cavity types (O: occlusal, MOD: mesial-occlusal-distal, DO: distal-occlusal, MO: mesial-occlusal, SE: standard error).

  ------------- ---------- ------ ------ ------ ------------- -------------
  Cavity Type   Observer   Area   SE     p      Sensitivity   Specificity
  MO/DO         First      .575   .109   .497   .688          .464
                Second     .589   .108   .417   .563          .615
  MOD           First      .553   .110   .630   .875          .231
                Second     .560   .110   .584   .813          .308
  O             First      .813   .114   .026   1.000         .625
                Second     .875   .097   .008   1.000         .750
  ------------- ---------- ------ ------ ------ ------------- -------------

![A sample of silicone blocks.](jiufd-051-022-e001){#fig1}

![(a) Cupping artifact seen on sagittal section (yellow arrow) (b) Radiolucent appearance of adhesive system under radiopaque composite (yellow arrow) (c) Appearance of adhesive system (yellow arrow) and simulated caries lesion (blue arrow).](jiufd-051-022-e002){#fig2}

![Graphic view of the receiver operating characteristics curves of all specimens.](jiufd-051-022-e003){#fig3}

Discussion {#s4}
==========

The diagnostic accuracy of CBCT was tested in different types of cavities with composite restorations for secondary caries detection in the present study. The burr with one-mm-diameter was used to simulate secondary caries under restorations in accordance with previous studies ([@b15], [@b19]). The use of small burs has been recommended since larger burs were found to be ineffective for simulation of caries lesions ([@b19]).

In earlier studies ([@b15], [@b20]), the researchers have standardized the position of artificial caries lesions, however, occurrence of caries in a standard location is unrealistic for clinical situation. Therefore, we created random artificial holes on the base to evaluate the performance of CBCT. In this study, the small voxel size and FOV were selected for CBCT scanning because reducing field size has been reported to increase spatial resolution and image quality ([@b21]).

It is well known that the beam hardening artifacts occur with amalgam during CBCT scanning ([@b16]). Metal artifacts seen in CBCT images restricted the diagnosis of caries under restorations ([@b15]). Dark bands around the metallic restorations may look like secondary caries which may lead the clinicians to reach false positive diagnosis ([@b16], [@b22]). It is also suggested that composite resin fillings could be useful for improving diagnostic accuracy of CBCT ([@b18]). But in contrast, recent studies showed that composite fillings were not superior to amalgam in terms of secondary caries detection with CBCT ([@b15], [@b20]). Based on this contradictory findings, it can be stated that the clinical performance of CBCT in the detection of secondary caries under composite resin fillings still remains unclear.

In the present study, the diagnostic accuracy of CBCT in the detection of simulated secondary caries under composite resin restorations were found to be highest for the O type of restorations. In addition, its sensitivity for DO/MO restorations and its specificity for MOD restorations were found to be the lowest values. Sensitivity is defined as the percentage of true positive answers while specificity is the percentage of true negatives ([@b23]). In other words, the observers were unable to detect true positive cases in DO/MO restorations and also the true negative cases in MOD restorations. This finding could be attributed to the increased intensity of the artifacts which has been found to correlate positively with the restoration size. Nabha et al. ([@b18]) assessed artifacts induced by O, MO/DO, MOD amalgam restorations with CBCT and concluded that increasing amalgam restoration size has caused higher intensity of artifacts on CBCT images. Even though the density of composite resin is lower than that of the amalgam, it is still higher than that of the enamel ([@b24]). Thus, it can be stated that composite resin may lead to beam hardening artefacts as well, which makes it harder to detect secondary caries under such fillings. In this context, the findings of the present study are not consistent with those of previous reports which claim that the composite resin improves diagnostic accuracy of CBCT ([@b18]).

The Az values of two observers were found to be between 0.813 and 0.875 for O restorations, 0.553 to 0.560 for MOD restorations and 0.589 to 0.575 for DO/MO restorations. In previous studies, accuracy of CBCT were found to be between 75% 97% for occlusal and class 2 cavities respectively in detecting secondary caries lesions restored with composite fillings ([@b16], [@b20]). Such inconsistencies may arise from difference in study designs, evaluation criteria, and experience of the observers as well as observers' backgrounds.

Conclusion {#s5}
==========

The in vitro diagnostic performance of CBCT in detecting secondary caries is higher for O composite restorations than for MOD and DO/MO restorations. In addition, CBCT is a reliable imaging method for the detection of secondary caries under O composite restorations. Further clinical studies are needed to determine the accuracy of CBCT for secondary caries detection under different restorative materials.
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